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MINING PRACTICE AND METHODS AT THE 
UNITED VERDE EXTENSION MINING COMPANY, JEROME, ARIZ. ! 
By Richard L. D'Arcy? 
supRODUCTION 


This paper describing the mining practice and methods at the United Verde Extension 
mine. Jerome, Ariz., is one of a series of papers in preparation by the Bureau of Mines 
presenting the mining methods used in various mining districts of the United States. 


The United Verde Extension mine is a massive, high-grade deposit of copper sul- 
phide containing some gold and silver and is mined almost exclusively by the conventioral 
square-—set method with some local modifications. 


About 450 men are employed underground and 1200 tons of direct smelting ore is 
produced per day. Figure 1 is a surface map of the Jerome district. 
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HISTORY OF DISTRICT 


The development of the Jerome mining district as an important source of copper, 
gold, and silver dates from the dovelopment of the mine of the United Verde Copper Co. This 
mine was located in 1876 and worked in 2 small way at shallow depth for its gold-silver 
values until purchased in 1889 by Senator W. A. Clark of Montana. Production from this mine 
increased steadily, e"pecially after 1894, when the narrow-gauge railroad from Jerome Junc-— 
tion was built. From 1900 to 1918, inclusive, the mine produced slightly over 7 million 


oo seen 


1 The Bureau of Mines will welcome reprinting of this paper, provided the following footnote acknowledgment is used: 
"Reprinted from U. S. Bureau of Mines Inforgatioa Circular 6250." 


2 - One of the consulting engineers, U. S. Bureau of Mines, General Superintendent, United Verde Extension Mining Co. 
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tons of ore containing 750,000,000 pounds of copper, 12,874,000 ounces of silver, and 403,000 
ounces Of gold. Recovery per ton for this period was about 100 pounds of copper, 1.75 ounces 
of silver, and 0.057 ounces of gold. From 1918 to date the United Verde has been one of 
the most important mines in Arizona, and the total metal value of its product probably has 
been greater than that of any other mine in the State. 


The success of this mine encouraged capitalists to attempt to find o-her impcrtant 
ore bodies in the district; this led to the development of the United Verde Extension, the 
second large mine of the district. 


The United Verde Extension mine was brought to successful production through the 
efforts of James S. Douglas and associates, who assumed the financing of the property fron 
the time when it was a small prospect. Their efforts were rewarded in December, 1924, by 
the discovery of a small high-grade vein of chalcocite. Finally in January, 1916, a big 
lens of high-grade chalcocits was opened up on the 1400 level. This lens, when fully out- 
lined on this level, proved to be oval, with a maximum length of 500 feet and a maximun 
width of 300 feet. Virtually all of the lens was clean, high-grade ore. From then on the 
mine rapidly became an important producer. 


Production started in 1915 and has been maintained ever since. From 1915 to 1928, 
inclusive, the mine produced slightly over 2,000,000 tons of ore con’aining approximately 
955,000,000 pounds of copper, 4,100,000 ounces of silver, and 76,000 ounces of gold, with a 
gross metal value of approximately $98,000,000. 


GEOLOGY 


The geology of the Jerome district has been described in detail by L. E. Reber, 
jr. ? The Verde fault is perhaps the most striking structural feature of the district. This 
fault strikes about N. 40° W. and can be traced on ‘the surface for niles. The dip is about 
09° to the northeast. It is a normal fault, and has a known vertical downthrow of approxi- 


mately 1,600 feet. 


The United Verde mine is immediately west of the fault; that is to say, it is 
located in the footwal!l, while the United Verde Extension mine is close to the fault in the 
hanging wall. 


The fault is directly responsible for the discovery of the United Verde mine. It 
cut through the mineralized zone, dropping the section to the east 1,600 feet, as has been 
stated, leaving the greater portion of the zone in the footwall but exposing it in the 
newly-formed hillside. 


The geologic section (fig. 2) at right angles to the fault shows the sequence of 
the geological formations. The United Verde Extension shafts go through lava, conglomerate, 


3 - Rober, L.E., Jr., Geology and Ore Deposits of the Jerome Diatrict: Min. and Met., Mey, 192C. 
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limestone, and sandstone before encountering the pre-Cambrian rocks about 600 feet below the 
surface. The general distribution of the pre-Cambrian formations is shown in Figure 3, a 
plan of the 1400 level. The principal types of rock are diorite, quartz porphyry, green- 
stone, and schist. Greenstone is a name given to a variety of complex rocks, from fine- 
grained greenish black basic rocks, to light-colored rocks resembling rhyolites. Probably 
the schist is mainly altered quartz porphyry and altered greenstones of the more acid types. 
It is in the schist that most of the ore in the district is found. 


METHODS OF DEVELOPMENT AND MINING 


Development 


The mine is operated through two vertical 3-compartment shafts and a large cross- 
section haulage adit connecting both shafts on the 1300 level. Both shafts are of concrete, 
located about 200 feet apart and 1,000 feet north of the main ore-bearing zone. This loca- 
tion has been very satisfactory because the shafts have been in firm rock from collar to 
bottom; conditions have been ideal for the rather elaborate system of ore and waste pockets, 
skip—dump pockets, transfer raises, and tunnel-loading pockets immediately adjoining the 
shafts. 


The layout of ore pockets at the Audrey shaft is shown in Figure 4. Ore from 
below the tunnel level is hoisted in 3-ton skips running in counterbalance to a point above 
the 1100 level; the skip is dumped by movable guides which show red lights in front of the 
hoisting engineer when in dumping position and green lights when the shaft is clear. The 
ore passes from the dumping point to an air-operated deflecting door on the 1100 level, 
which turns the ore one way or the other as desired. Three converging pockets meet just 
below this deflector, two for sulphide ore and one for silica converter ore. From these 
pockets the ore is loaded into trains of standard-gauge cars in the main haulage adit on the 
1300 level. -Control at this point is by means of finger gates made from bent 70—pound rails 
operated by air cylinders. 


. The main tunnel is 2-1/4 miles long and approximately 10 by 10 feet in cross sec- 
tion. Some sections of the tunnel are of solid-concrete arch construction, and others are 
timbered with 12 by 12 inch sets on 5—-foot centers. About 4,000 feet is rock section with 
gunite coating, and the remainder is unsupported rock section. 


From the portal of the tunnel a standard-gauge railroad connects with the smelter 
at Clemenceau about 5 miles distant (fig. 1). Haulage through the tunnel is with a 25-ton 
electric motor handling trains of eight 50-ton cars, which are made into trains of 16 cars 
each at the portal and taken to the smelter by a steam locomotive. 


Levels are run on the 550, 800, 950, and 1100 foot elevations and on 100-foot 
intervals from 1100 to 1900 feet, inclusive. These elevations refer to distances below the 
collar of the Daisy, an old prospect shaft. The actual depth of each level below the col- 
lars of the Edith and Audrey main shafts is about 200 feet less than indicated. The main 
producing levels in the big ore lens are the 1500, 1400, 1500, and 1600. Production from 
outlying smaller ore bodies extends from the 550 to the 1700 levels. 
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Development details 


Shafts 

As stated before, both main shafts, known as the Audrey and Edith, are of solid 
concrete. The Audrey is the ore—hoisting shaft, while the Edith is used for handling men 
and supplies and development waste. The Audrey is operated one shift and the Edith three 
shifts per 24 hours. The Audrey shaft was equipped after the ore was found and was con= 
creted immediately, but the Edith was sunk for prospecting purposes and was at first timber- 
ed. Later, it was concreted, and Figure 5 shows a cross section of the completed concrete. 
The changing of this shaft from timber to concrete was done partly on a cost-plus basis with 
a contractor in charge of the job, and partly by a picked mine crew working under a bonus 
agreement. A comparison of these two methods is rather instructive and is favorable to the 
bonus work, where each man participated in the benefits. Shaftesinking has since been done 
under a similar agreement, with very satisfactory results. 


Following are details of the shaft concreting costs: 


Edith shaft concreting 


Three—compartment shaft (2 hoisting compartments 4 feet by 5 feet 6 inches, and 1 
manway and pipe compartment 5 feet 2 inches by 5 feet 6 inches), shaft wall containing 6 
pipes in sizes varying from 2 to @ inches. 


Shaft concreted from 1400 level to surface, a distance of 1205 feet, including 
7 stations. 


Work started February 1, 1921; completed July 25, 1921. 


Work was done in two sections; first section from 800 to surface, 575 feet on con— 
tract basis, second section, 1400 level to 800 level, 630 feet, was done on bonus basis da 
footag> made per day. ° 

The actual cost of mixing and placing the concrete ‘in each section, not considering 
the preliminary cost of installing the crushing plant, removing old pipe lines, and placing 
guides and chairs in the concreted sections, was in each instance as follows: 


ist section 
S75 feet, including 2 stations. 
Work started February 1, 1921; finished 
April 21, 80 days. 


Average advance, 7.19 feet per day. 
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L-Sketch of sliding booms used over Yop Of orif? sets in heavy ground 


Figure 6-Oritt Timbers 


Costs 
Labor (including supervision at $10 per day) 
Cement (6,564 sacks at $1.10 per sack) 
Sand and gravel, (1,498.1 yds. at $2.50 
per yd.) 
Power used hoisting and crushing 
(25,580 kw. h. at 2¢ per kw. h.) 
Reinforcing iron, 10 lb. per ft. of shaft 
at 10¢ per lb. 
Form lumber $1.50 per foot shaft 
Bonus paid 
Total cost for 575 feet 
Cost per foot 


2d_section 
Distance concreted, 630 feet, including 5 stations. 
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$8 , 827.20 
7,220.40 


3,745.25 


907.60 


575.00 
862.50 
075. 
$24,812.95 
$43.14 


Work started May 1, 1921; finished July 25, 1921, 86 days. 


Actual time of concreting this section of shaft, after 
deducting the time lost in cutting new stations, was 


69 days, or an average per day of 9.13 feet. 


Costs 


Labor (including supervision at $225 per mo.) 


Cement used (6,296 sacks at $1.10 per sack) 


$5,068.50 
6,881.60 


Sand and gravel (1,434.5 yds. at $2.50 per yd.) 3,586.25 


Power used hoisting and crushing 
(29,310 kw.h. at 2¢ per kw.h.). 
Reinforcing iron, 10 lb. per ft. of shaft, 
at 10% per lb. 


086.20 


630.00 


Form lumber (640 ft. of shaft at $1.50 per ft.) 945.00 


Bonus paid 
Total cost of completing section 
Cost per foot 


2,056.50 
$19,754.05 


$31.55 


Mixture used was 1 part cement, 2 parts sand, 5 parts crushed rock, or 51/3 sacks of cement, 
10 cubic feet fines, and 23 cubic feet crushed rock per yard of concrete in place. 


Drifts 


quartz gossan to extremely heavy swelling ground. 


Many different rock conditions are found in the nine, 


varying from very hard 


To meet these conditions several kinds of 


standard drift timbering are in use. Figure 6 (a), (b), and (c) show the various sets used 
for (a) a small prospect drift, (b) an ordinary hand-tramming drift, and (c) a motor drift: 
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also (d) shows the use of old rails or pipe in place of lagging in ground that is very soft 
and inclined to swell. It has been found that by using rail lagging in swelling ground the 
soft ground squeezes through between the rails, and very little pressure develops on the set 
itself. Figure 6 (e) shows a method of timbering in soft ground which is not bad enough to 
require Spilling and still needs some support overhead. This is provided by carrying sliding 
booms over the sets which are pushed ahead as needed. 


In the main haulage tunnel several different types of support were used, two of 
which are shown in Figures 7 (a) and (b). 


Guniting 


Guniting was used very successfully in a section of the main tunnel 4,000 feet 
long. This part of the tunnel was through an old recemented river-channel conglomerate, 
which was comparatively hard when first broken but after exposure to air and moisture tended 
to slack and slough. Had this not been gunited it would have needed timbering through the 
entire section. The gunite has now held for over 10 years. If this section had been sup— 
ported by timber it would have needed at least one complete renewal of the timber. Gunite 
has been applied in other sections of the mine with little success, due to slight ground 
movements, that break the gunite and render it useless in a very short time. 


A record of the cost of guniting this 4,000-foot section of the main tunnel 


follows. 
Size of tunnel 10 by 10 feet 
Footage gunited 4,098 
Mixture used 1 cement to 5 sand 
Applications 2 coats 
Costs 
Labor $2,581.29 
Cement (2,056 sacks at $1.10 per sack) 2,200.60 
Sand (263 yds. at $2.50 per yd.) 657.50 
Machinery repairs and supplies 282.84 
Total cost $5,772.23 
Cost per linear foot of tunnel 1.40 
Cost per sq. ft., approximately .046 


Bulkhead drift sets 


A system of holding extremely heavy gangways through the pillars in the main ore 
body is shown in Figure 8. It has been found that solid timber bulkhead built as shown, 
using the waste ends of timber that accumulate in a mine of this kind, will hold a ground 
pressure that would break ordinary heavy timber sets several times a year. In fact, on one 
level a section of this kind of bulkheading put in on one side of a drift opposite a solid 
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Figure8.- Timber Bulkhead 
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reinforced concrete bulkhead 5 feet thick has stood the strain very well, while the concrete 
has been forced out of place and cracked and has had to be blasted away to make clearance 
for gangways. ; 


Raises 


Three kinds of timbered raises are run in the mine. Wherever the work is to be 
followed by square-set stoping the standard 2-compartment square—-set raise shown in Figure 9 
is used. The chute compartment is lined with 2 or 3 inch Oregon fir lining, depending upon 
the service expected. The manway provides a timber slide in one corner and has landing 
platforms on each floor. In addition to the square-set raise two kinds of cribbed raises 
are in use. The smaller raise is timbered with 35-inch Oregon fir cribbing, giving two con- 
partments 3-1/2 by 3-1/2 feet in the clear. For heavier use cribbing is made of 6 by 8 
inch material and compartments are 4 by 4 feet in the clear. 7 


Stoping 


Because of the heavy massive nature of the main ore body, the richness of the ore, 
and the necessity for mining in such away that no blocks of sulphide ore are allowed to 
move and generate heat only the square-set system of mining with stopes tightly filled with 
waste has ever been used in the main sulphide lens. By using the square-set system of nin- 
ing with stopes tightly filled with waste complete extraction of the main ore body has been 
possible with practically no dilution. Moreover, this system has allowed careful prospecting 
of the walls, which has resulted in finding many small rich lenses of ore that would other- 
wise have been missed. 


A typical stope is shown in plan and section in Figure 10 (a). The stope sections 
are usually 3 sets wide in fairly solid ore and 2 sets wide in the heavier ground. If the 
ore is very badly broken it is sometimes removed in slices a single set in width. Slices 
are taken 100 feet high, as that is the interval between levels throughout the mine. The 
length of the slice may be anything +o suit the conditions, usually being from 10 to 20 sets. 
Ore chutes are placed in about every fourth set, and alternate chutes have manways beside 
them. By spacing chutes in this manner and leaving slides with grizzlies in adjoining sets 
as shown the shoveling of ore into chutes is virtually eliminated. If no weight develops 
on the timbers after one floor is removed another is removed and sometimes several more be- 
fore filling with waste. This reduces the cost of mining, as most of the ors rolls to the 
chutes, and a large part of the fill can be run into place by gravity. When several floors 
are mined before filling the timber is protected from the fall of the blasted ore by placing 
grizzlies of 70~pound rails, 6 feet long, held in metal holders, immediately below the 
mining floor. By using metal holders the grizzlies are moved very readily and placed where 
needed. After one section is finished it is filled entirely, except the chutes and manways 
needed for entrance to and mining of the hext slice. The chutes also serve for fill holes 
for running waste into the new section. By having a fill hole in about every sixth set and 
mining several floors before filling there is very little shoveling of waste fill. If con- 
ditions are such that the waste will not spread a light metal gob chute is placed in the 
fill hole and the waste spread with a car or wheelbarrow. Figure 10 (b) shows the details 
of the chute gate. 
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All timber used in stoping is standardized (fig. 11). Figure 10 (c) shows a 
Standard angle post for offsetting a set. In the heavier sulphide stopes nearly all timber 
is 10 by 10 Oregon fir, but in the lighter ground much 8 by 8 Oregon fir is used. In the 
heaviest sill-floor gangways all timber is of 12 by 12 dimensions. 


Although the general method of mining used is the well-known square-—set system 
several modifications have been developed locally to apply to conditions existing in this 
particular ore body. A general technique of mining under this system has been developed, 
which has an all-important bearing upon the efficiency and safety of the mining, especially 
in holding the unmined pillars so that there is no movement of ore, with resultant heat and 
danger of fire. 


A system of mining badly broken pillars by stoping up through the center with 
small square-set cuts, then tying across the top with timber stringers and slicing the sides 
downward, has been quite successfully used. This method is shown in Figure 12. On most of 
the producing levels in the main ore body the mining has been done in such a way that pillars 
usually about six sets wide have been left over the main extraction gangways, extending 
vertically from level to level. These pillars have been standing for many years while the 
ore on koth sides and on the level above has been removed. Resultant movement has in many 
instances thoroughly broken these pillars so that they would be very difficult to mine by 
Ordinary square-setting from the bottom upward. Moreover, the gob lining between the pillars 
and old stope sections is often found to be rotten and broken. By taking a small square-set 
Slice up through the middle of the pillar, using as a cutting point the old chute and manway 
in the section previously mined and filled, then tying across the top under the old filled 
level above and coming down with a series of 10 by 10 timber stringers from pilot sets to 
the old gob line, it has been found that these pillars can be removed very effectively. 
Quite often this ore between the sets and the old gob can be taken down by the use of a bar 
alone, without using explosives at all. If the old gob line is broken or rotten it is 
braced back by stulls between the stringers and new cross lagging. After one-half is fin- 
ished it is filled with waste dumped in from the level above and the other half mined the 
same way. After all the mining is completed everything is filled except a chute and manway 
on the advancing side to be used as a cutting point for the next slice. 


Underground transportation 


Main haulage levels in the main ore body are maintained on the 1400 and 1600 
levels, and the ore from the levels above is passed through a series of transfer raises. 
Haulage on these levels is done with 5-ton trolley locomotives running on tracks with 30 
pound rails and minimum curves of 25-foot radius. The car used in this haulage is the 30 
cubic foot side-dump car shown in Figure 13. Cars of this type have been in continuous 
operation for 12 years and have proved satisfactory. Chute doors used throughout the mine 
are illustrated in Figure 14. This type of chute door was copied from one used in thea 
United Verde mine. The same type of door, operated by an air cylinder, is in uSe on most of 
the main haulage transfer chutes. A 16-cubic foot car used for hand tramming is also shown 
in Figure 14. 


On other levels where the tonnage produced is much less and where the working 
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places are widely separated much of the tramming is done with small storage—battery motors. 
Six of these are in use in various sections of the mine. They have proved satisfactory for 
moving small tonnages of ore from scattered workings and for handling development waste 
from long prospect headings. 


Figure 15 shows the transfer apron and grizzly. used on a level for transferring 
Ore directly from a chute into an ore pass. 


Figure 16 shows the loading gates of the main ore pocket on the 1300 level. 


Figure 17 shows the timber crate used for handling timber in the cages and Figure 
18 the details of the car for handling drill steel in the mine. 


CONTRACTS 


In an effort to obtain better progress and more efficiency drifting and raising 
are generally done on contract. All contracts are let directly through the superintendent's 
office. In a raise the contract specifies the footage to drive to the next level. In 
drifting the footage is generally limited to 100 feet, although contracts have been tet for 
more. The contract stipulates the price per foot, the price per set of timber, the size of 
opening required,eand, in a raise, the kind of timbering. The contractor pays for all ex- 
plosives used. The contractor gets his regular day-pay check on pay days, and settlement on 
his contract is deferred until the first of the month.. Settlement is then made according 
to the engineer's measurement and payment made on the 15th of the month. 


Drifting contracts may run for months. When a contract is completed the contrac— 
tor obtains settlement immediately, if he so requests. 


Bonus work was tried out some years ago. In the stones it resulted in hurried and 
consequently poor mining. The saving effected was not considered enough to compensate for 
this disadvantage. In drifting and raising difficulty was experienced in setting rates. 
The straight contract system was decided upon as being more acceptable to the workmen. 


VENTILATION 


The mine is ventilated mechanically by a surface exhaust fan installed at the top 
of a return-air system extending to the 1200 level. Rock temperatures are not very high, 
but a considerable amount of heat is generated by oxidation and timber decay, and the systen 
is predicated entirely upon providing comfortable working conditions and control in case of 
a mine fire. 


A multivane, forward-curved blade, single-inlet, single-width, centrifugal fan is 
used, with a 78-1/2-inch rotor operated at 346 r.p.m. by belt drive from a 250-hp., 2,200- 
volt, 60-—cycle, 3-phase, 585-r.p.m. slip-ring induction motor. It exhausts from a 6.33 by 
15.0 foot raise through a 10-foot concrete duct on a 30-degree slope and 4.5 by 5.5 feet in 
section. This fan is at present exhausting 100,00Q cubic feet per minute of air saturated 
at 70°. 
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A single-inlet, single-width, multivane, forward-curved blade centrifugal fan, 
with 52-3/8 inch rotor, is connected to the opposite end of the air raise by a similar con- 
crete duct; this is a: auxiliary installation and is installed to operate at 590 r.p.m. by 
belt drive from a 75—hp., 2,200-volt, 875=r.p.m. induction motor. Each fan duct has a winch- 
operated door hinged to the floor and held in place both by fan pressure and gravity. 


All long development headings are ventilated by fan-pipe installations, using small 
air or electrically-operated blowers, with 10-inch galvanized-iron piping. 


FIRE HAZARDS 


On account of the heavy ground in the mine considerable timber is required. Due 
to this and to the fact that the main ore body carries a high sulphur content a fire menace 
is always present. Timber bulkheads are used to maintain haulage and extraction drifts in 
various parts of the stoping sections of the mine. To control any fire starting from the 
above conditions fire hydrants and standpipes are placed at all places where hazards exist. 


A fire patrol is maintained on the graveyard shift, and all hazardous places are 
wet down two and three times a week. In addition, large independent fire lines are main- 
tained on the main working levels. These lines are direct-—connected -@o the pump columns 
where a large source of water would be available if needed. In addition to this, all air 
lines can be converted into water lines in a few minutes by the use of installed by—passes. 


In the timbered section of the Edith shaft sprays are placed at 300-foot intervals, 
and the timbers in this shaft are wet down at least three times a week. 


FIRE-FIGHTING EQUIPMENT 


A complete mine rescue station is maintained with all the necessary fire-fighting 
equipment. Figure 19 illustrates a small portable disk fan. This type of fan has proved 
successful in other parts of the Southwest in fighting fires. The fan is equipped with a 
110-volt, alternating-current, single-phase, 60-cycle, 850 revolutions per minute, General 
Electric repulsion motor. It is mounted on a mine truck with a reel carrying 1,000 feet of 
No. 14 duplex rubber cable that can be connected to the lighting circuit. The fan and reel 
are mounted on a turntable and can be locked in any position desired. Figure 20 shows an 
emergency tool truck for fire-fighting. 


Sets of oxygen breathing apparatus and gas masks are kept on hand, and men have 
been trained in their use. Fifteen active rescue men are required to practice rescue and 
fire-fighting at least twice a month. These practices are followed by occasional maneuvers 
in which all apparatus men participate. Apparatus men practice on company time and are paid 
a bonus of $7.50 a month. 


All shift bosses, jigger bosses, and tool nippers are trained in first aid, and 
first-aid stations or cabinets are maintained on all active levels. The training of appara- 
tus and first-aid men is in charge of the safety engineer, who is also responsible for the 
maintenance of the rescue station. 
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ACCIDENT PREVENTION 


The safety engineer makes daily inspections and reports all unsafe conditions *o 
the mine superintendent, mine foreman, and the shift boss on each run visited. Safety 
propaganda in the form of bulletins and individual talks by the safety engineer on inspection 
trips through the mine impresses the safety idea upon the men. Safety committees have been 
tried and abandoned in favor of the present method. 


UNITED VERDF EXTENSION MINING COMPANY 


EFFICIENCY DATA 


YEAR 2928 
Tons mined per man (stoping shifts) 4.84 
Tons mined per man (underground shifts) 2.47 
Tons mined per man (tota! shifts) 2.00 
Feet advanced per man (development shifts) LAT 
Mine timbers and handling cost (per 1000 board feet) 36.24 
Mine timbers ani handling cost per ton 67 
Mine timbers (board feet per ton) 16.82 
Total board feet used per ton 18.53 
Pounds power per foot advanced 6.14 
Feet fuse per foot advanced 19.10 
Number caps per foot advanced 3.29 
Pounds carbide per underground shift .85 
Pounds powder in stope per ton 39 
Feet fuse in stope per ton 1.93 
Number caps in stope per ton 30 
UNITED VERDE EXTENSION MINING COMPANY 
MINING COSTS 
YEAR 1928 ; 
Tons shipped during period: RT9,L12 

Cost per ton 

Prospecting and development $0.611 

Extraction 1.710 

Repairs and maintenance 260 

Ventilation .068 

Haulage SOT 

Hoisting 151 

Pumping and drainage 039 

Underground miscellaneous . 107 

Rock drills <kOR 

Compressed air .092 

Waste pit ) .005 
Office and general e738. 

TOTAL COST PER TON $4°286 
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